Although malignancy is a fatal complication of end-stage renal disease (ESRD) requiring haemodialysis, successful treatment of haematological malignancies has been rarely reported. We describe the case of a 64-year-old man who presented with non-Hodgkin's lymphoma (NHL; clinical stage, IVB) concomitant with ESRD. Before chemotherapy, haemodialysis was initiated, and one course of dose-adjusted CHOP (cyclophosphamide, doxorubicin, vincristine and prednisolone) therapy followed by eight courses of rituximab therapy were administered according to the performance status and degree of organ dysfunction. Consequently, the patient was disease free for 27 months. Thus, rituximab plus CHOP combination therapy was effective for NHL concomitant with ESRD.
Background
Heart failure, infection, malignancy and cerebrovascular disease have been reported to be life-threatening and fatal complications in patients with end-stage renal disease (ESRD) who are undergoing haemodialysis [1] . Although most malignant tumours originate from the gastrointestinal tract (stomach and colon), kidneys, lungs and thyroid, haematological malignancies such as lymphomas have been rarely reported [1] . A few previous studies have reported that in patients undergoing haemodialysis, non-Hodgkin's lymphoma (NHL) was successfully treated with rituximab combination therapy [2] [3] [4] .
The current first-line treatment recommended for NHL is rituximab plus CHOP (cyclophosphamide, doxorubicin, vincristine and prednisolone) [5] . Rituximab is a chimeric human/mouse anti-CD20 monoclonal antibody that is effective in patients with CD20
1 B-cell lymphoma [5] .
Here, we report the case of a patient with NHL and ESRD who was successfully treated with a combination therapy of rituximab and CHOP; haemodialysis was initiated at diagnosis and maintained thereafter.
Case report
A 64-year-old man presenting with a painful tumour of the right orbita was referred to a regional hospital on 22 February 2007. He had been diagnosed with diabetes mellitus when he was 50 years old, and coronary artery bypass graft surgery for 3-vessel coronary disease had been performed on 20 October 2006. On admission, the patient was normotensive (blood pressure, 146/62 mmHg; heart rate, 72 beats/min). Physical examination revealed tumours of the right orbita, left cervical lymph nodes and right inguinal lymph nodes. The laboratory findings are summarized in Table 1. A fluorodeoxyglucose-positron emission tomography/ computed tomography scan showed extranodal lesions in the right orbita, lung and testis as well as the cervical, thoracic, abdominal and inguinal lymph nodes ( Figure 1A ). Histological analysis of lymph node specimens showed diffuse expansion and infiltration of abnormal lymphoid cells ( Figure 1B) . Flow cytometric and immunohistochemical analysis of the lymph node specimens revealed that the surface marker was positive for CD19, CD20, CD25, MUM1, bcl2 and k chain ( Figure 1C ). On the basis of all these findings, we finally diagnosed NHL [diffuse large Bcell lymphoma; clinical stage (CS) IVB]. The patient was classified as a high-risk patient according to the international prognostic index (IPI) for NHL [6] (Figure 2 ). After undergoing one course of CHOP with haemodialysis, the patient attained complete response (CR) with resolution of systemic lymphadenopathy and extranodal lesions. A psoas haematoma developed during chemotherapy. When the psoas haematoma occurred, due to the administration of warfarin against atrial fibrillation, we changed the anticoagulant agent from warfarin to heparin during haemodialysis without progression of psoas haematoma. Red blood cell concentrate (RCC) transfusions have been necessary when first chemotherapy of CHOP therapy was performed because of the combination of chemotherapy and haemodialysis that can cause blood spoiling at every session.
Although the patient was at high risk for survival according to IPI, we selected rituximab chemotherapy because the patient showed slight improvement in performance status from 3 to 2 despite treatment and rehabilitation. Subsequently, the patient was administered 375 mg/m 2 rituximab every week because rituximab is not eliminated by haemodialysis [2] . Rituximab was administered at a dose of 375 mg/m 2 with sodium chloride without any overhydratation problems. After the administration of chemotherapy, the patient was still able to urinate with haemodialysis.
When the activity of NHL was under control, we established a blood access site for permanent haemodialysis. In addition, we administered four courses of rituximab every month. However a major concern with rituximab is the risk of severe bacterial, fungal infection and the development of progressive multifocal leukoencephalopathy, there were no major adverse events except psoas haematoma in our case. RCC transfusions have not been necessary when only rituximab treatment was administered. A monitoring of the B cells in the peripheral blood was not done during chemotherapy.
The patient maintained CR and did not require further treatment for NHL during the 27 months.
Discussion
According to a report of the Japanese Society for Dialysis Therapy, the fatal complications in ESRD patients undergoing haemodialysis are heart failure, infection and malignancy, accounting for 23.9, 20.8 and 9.4% deaths, respectively, among the 25 224 dialysis patients who died in 2009 [1] . Although most malignant tumours originate from the gastrointestinal tract (stomach and colon), kidneys, lungs and thyroid, haematological malignancies such as lymphomas have rarely been reported [1] . Maisonneuve et al. [7] reported that the incidence of NHL in patients undergoing dialysis was 0.5-2 times higher than that in healthy people. Although the incidence of malignancy tends to be high in patients undergoing haemodialysis, it is not clear whether haemodialysis itself increases the incidence of malignancy [1, 7, 8] .
Rituximab plus CHOP combination therapy has been established as the first-line treatment for NHL [5] . To date, ESRD patients undergoing haemodialysis have not been successfully treated for NHL because of the insufficiency (Table 2) . Treatment with a fractionated dose of rituximab or dose-adjusted CHOP therapy such as half-dose cyclophosphamide and doxorubicin was found to be effective [2] [3] [4] . In our case, we modified the dose of CHOP and administered a half dose of cyclophosphamide and doxorubicin and a full dose of vincristine and prednisolone without rituximab because the performance status of our patient was 3 and the risk of tumour lysis syndrome was high. During chemotherapy, psoas haematoma was the only complication observed in our patient because of the administration with warfarin. Jillella et al. [2] reported that rituximab was not eliminated via haemodialysis. Our patient was administered four courses of rituximab weekly and monthly to achieve a good outcome. However a major concern with rituximab is the risk of severe bacterial, fungal infection and the development of progressive multifocal leukoencephalopathy, there were no major adverse events except psoas haematoma in our case.
To the best of our knowledge, this is the first report of a patient who received rituximab plus dose-adjusted CHOP therapy for NHL concomitant with ESRD requiring haemodialysis, wherein haemodialysis was initiated at initial diagnosis. Our findings show that adjusting the dose of the drug and modifying therapy according to the performance status, degree of organ dysfunction and prognosis is safe, efficient and feasible.
In conclusion, the findings in our case suggested that rituximab plus dose-adjusted CHOP along with haemodialysis is effective for treating NHL concomitant with ESRD. A randomized prospective study on patients undergoing haemodialysis is required to further understand the incidence, histology, indications for treatment, therapeutic strategy and dosage and courses of chemotherapy for NHL in ESRD patients undergoing haemodialysis.
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